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We, Union CARsroE Corporation, a Cor- require progressively longer dwell times to 
poration organised and ejdsting under the enable the heat to penetrate through the poor 45 
ro«,c«frt,A5Jtatft of New York. United States conductor thermoplastic to the interface 
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ExamlSr ^IMZ^^^ correction is in acconlance with the Decision of the Su- 
Examiner, acting for the Comptroller-General, dated the thirteenth day of 

Page 3, line 61, delete "cellophane" and insert «Cellophane" 

(Registered Trade Mark.) 
Page 5, line 28, after -paper- delete "cellophane" and insert "Cell 
Attention is also- drawn to the following: - 

Page 3, line 42, /or. "Figures" read "Figure" 
Page 3, line 52, for »of» read "for" 

Sat ^heTre'sii?;™"-^''' "^'^ particularly critic. 

Page 4. line 32, for,n/6« read "1/16» 
Page 6, line lOl, for "Fims" read "Films" 
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mechanical damage inflicted by the edge of easily even under mod^ratelttS fSt 85 

the seeing bar or wheel. Thicker sectioiB this method is commercially i^LS for 
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We, Union Carbide Corporation, a Cor- 
poration organised and existing under the 
Laws of the State of New York, United States 
of America, of 30. East 42nd Street, New 

5 York 17, State of New York. United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted 
to us and the method by which it is to be per- 
formed to be particularly described in and by 

10 the following statement: — 

This invention relates to hot continuous 
bead sealing, and more particularly to 
method and apparatus for utilizing thermo- 
plastic bead of this character for bonding to- 

15 gether sections of film or sheet to provide a 
strong, continuous, separation-resistant seal. 
Such seals are used to effect bag dosxure, to 
form bags and tubes, to provide large sec- 
tions such as are used for swimming pool 

20 Kners, rain catch-basin liners, hay-rick 
covers, tarpaulins and in many other applica- 
tions requiring thermoplastic sections too 
large to be produced economically on com- 
mercial film and sheet forming equipment 

25 In bag-sealing, bag-forming, tube-fonning 
and similar applications, it is also advan- 
tageous, sometimes even essential, that the 
sealing, or seaming, process be continuous 
and operable at high speeds. 

30 One method heretofore proposed for this 
purpose has been conductive heat sealing. In 
this method the thermoplastic sections to be 
joined are overlapped and pressed together 
while heat is applied to one or both of the 

35 external faces by means of heating bars or 
wheels. The heat permeates the thermo- 
plastic until- the interface becomes hot 
enough to flux and fuse together. The 
method has limitations in that very thin films 

40 are too readily subject to thermally induced 
distortion and to a weakening caused by 
mechanical damage inflicted by the edge of 
the seaKng bar or wheel. Thicker sections 
IPrii 



require progressively longer dwell times to 
enable the heat to penetrate through the poor 45 
conductor ^thermoplastic to the interface. 
Beyond a certain thickness, depending on the 
particular material involved, the dwell time 
becomes so great as to make the method 
commercially impractical because the sealing 50 
rate becomes prohibitively low. 

Another proposed method has been elec- 
tronic heat sealing. In this method over- 
lapped sections are compressed between two 
electrode bars or passed between clamp-on 55 
electrode wheels and a high frequency cur- 
rent is passed through the material. A por- 
tion of the electrical energy is dissipated as, 
i.e. converted to heat, within the material, 
and serves to flux and fuse the plies together. 60 
The method is inoperative, however, for such 
miaterials as polystyrene, unplasticized poly- 
vinyl chloride, polyethylene, polymono- 
chlorotrifluoroethylene. polytetxafluoroethy- 
lene and other low loss products, that is, 65 
those having a loss factor less than about 0.1. 
In practice, the electrode bars and wheels 
also have an edge effect. Also, electrode bars 
are usually kept clamped-on for a few 
seconds to allow the sealed area to cool 70 
somewhat before the pressure is relieved; and 
this dwell period significantly reduces seal- 
ing rates. 

A variety of adhesives, cements, and sol- 
vents are sometimes used to join thermo- 75 
plastic sections. While results vary, depend- 
ing on the particular adhesive composition, 
thermoplastic and sealing procedure used, 
the following limitations are generally 
evident Operations are messy, costly— be- 80 
cause of material and extra compounding 
costs, and slow — because most adhesives re- 
quire a setting period of some duration; and 
the seals are frequently weak and separate 
easily even under moderate stress. Further. 85 
this method is commercially in^)ractical for 
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certain (thermoplastic materials, such as 
polyethylene* polymonochlorotrifluoroethy- 
lene, polytetrafluoroethylene and the like* 
since mere are no effective adhesives or sol- 
5 vents suitable for use with such materials. 
The main objects of the present invention 
are to avoid the difficulties referred to above, 
and to provide improved method and appara- 
tus which is simple and economical in opera- 
10 tion and construction, which produces an 
improved seal and is otherwise well adapted 
for the purposes set forth. 

The present invention provides a method 
of sealing together members of film or sheet, 
15 which method comprises directing a hot bead 
of thermoplastic material into contact with 
the members to be joined, then causing said 
members to be pressed firmly and intimately 
against the hot bead, to cause said members 
20 to adhere together. 

Preferably there is provided a method of 
sealing together strips of material, which 
comprises passing said strips along converg- 
ing paths into the nip of pinch rolls, inter- 
25 po^g a hot bead of thermoplastic resin 
composition directly between the strips ahead 
of the nip of the pinch rolls, passing said 
strips with the bead therebetween through the 
nip to bring the strips into firm and intimate 
30 contact with the hot bead to cause the strips 
to adhere together. 

Applying the heat directly to the two sur- 
feces which are to be joined eliminates the 
rate-retarding dwell times, the danger of 
35 thermal degradation and the other dis- 
advantages inherently associated with those 
prior art methods which require driving the 
heat through a thermoplastic section. Seal 
formation is virtually instantaneous; and 
40 very high web speeds are therefore possible. 
In feet, the new sealing process can be con- 
ducted just about as fast as the film or sheet 
can be handled by the feed, pressure and re- 
wind assemblies. 
45 The new process is more versatile than any 
of the old methods in that it can be applied 
to any extrudable thermoplastic material and 
can be used to join sections ot to all intents 
and purposes, any thickness. Also, seal width 
50 and seal thickness can be adjusted over a 
wide range without any changes in equip- 
ment, merely by appropriately adjusting the 
extrusion rate and web speed. 
It is less critical in operation than the 
55 old methods. Good quality seals are ob- 
tained over a comfortably wide range of ex- 
trusion rates and extrusion temperatures. 
Further, seal quality is not discemibly im- 
paired by variations in web thickness which 
60 would be great enough to cause seal discon- 
tinuities because of uneven thermal or elec- 
trical contact and uneven pressure in the old 
techniques. 
Seal quality and uniformity are improved. 
65 The seals are free of discontinuities such as 



occur in seals prepared by the old sealing 
methods. Also, the mechanically injuri us 
effects inflicted in the old heat sealing 
methods by the heating bar and wheel edges 
are eliminated. 70 

In the old heat sealing methods, par- 
ticularly conductive heat sealing, the thermo- 
plastic web comes into direct contact with 
the hot bar or wheel and sometimes sticks 
thereto, even when said heating surface is 75 
covered with a separating materia such as 
polytetrafluoroethylene and the like. ITiis 
stiddng interferes with the sealing operation 
and damages the film. The new process is 
completely &ee of this disturbing stick- 80 
ing problem. 

The new method can be used to bond to- 
gether securely certain thermoplastic 
materials which cannot be joined satisfac- 
torily by any conventional heat sealing pro- 85 
cedure. For instance, polyethylene sur&ces 
are frequentiy flame treated or otherwise 
treated to improve their printability and ink 
retention characteristics. Such treatment im- 
pairs the heat scalability of the polyethylene; 90 
and overtreatment is usually scrupulously 
avoided, since overtreated materials cannot 
be bonded together adequately via standard 
commercial heat sealing cycles. So " over- 
treated " polyethylene sections were bonded 95 
together quite satisfactorily, however, by the 
new method. As a consequence, the treating 
process becomes less critical and the amount 
of treatment administered, hence the degree 
of printability and ink retention improve- 100 
ment accomplished, may be increased to 
some extent since the limitation imposed by 
scalability considerations is rdieved to some 
degree by the new sealing tedinique. 

In the drawings : 1Q5 

Figure 1 is a diagrammatic view of appara- 
tus according to, and for canying out the 
method of the present invention; 

Figure 2 is a plan view of the seamed films 
looking in the direction of the arrows 2-2 in 110 
Figure 1; 

Figure 3 is a perspective view of the end 
of the sealed article with the fused line seal 
indicated; 

Figure 4 is a sectiop of two flat unsup- 115 
port«i plastic sheets welded together at 
several points. Dotted lines show positions 
of slitting for making pouch sealed tubes as 
a step in pouch or bag malting; 

Figure 5 is a section showing sealing of 120 
lap seams using this method on unsupported 
film; 

Figure 6 is a section showing method of 
sealing coated material to give a continuous 
inside plastic coating, e^. in bag making; |25 

Figure 7 is a section showing the sealing 
of lap seams using an edge treated coated 
rnaterial for continuous inside plastic coat- 
ing, e.g, bag making; 

Figure 8 is a section showing coated 130 
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material lap welded using Sat film extrusion 
on coated surfaces; and 

Figure 9 is a cross section of end welded 
heavy unsupported film. 

5 Referring to Figure 1 the apparatus con- 
sists of a hopper 23 for granular material, a 
screw head 24 associated with a gear box 25 
and a variable speed drive 26, a barrel 27, a 
heating unit 28 with a voltage control 29, and 

10 an extruder 18. Films such as polyethylene 
films 10 and 12 are paid out from feed rolls 
14 and 15 and positioned to enter the nip of 
the driven pinch rolls 16 in the proper over- 
lapping relationship. The extruder 18 pro- 

15 vides a continuous, hotTjead 20 of polyethy- 
lene which is directed between the overlap- 
ping portions of the webs 10 and 12, contacts 
said webs, and is sandwiched between them 
as they enter the nip. As the sandwich passes 

20 through the nip, the hot bead 20 is pressed 
into intimate contact with the inner faces of 
the overlapped portions of the polyethylene 
films 10 and 12, transfers sufficient heat to 
said inner faces to cause them to melt and 

25 flux, and all three plies are fused into a 
single, homogenenous continuum thus form- 
ing seal 30. The bonded product issuing 
from the nip rolls then passes to a rewind 
roll 22 or other suitable collecting arrance- 

30 ment 

While Figure 1 shows 10 and 12 as two 
separate thermoplastic sections, which may 
be of the same or different thicknesses, they 
may, with appropriate alterations in the feed 

35 and positioning arrangement, represent oppo- 
site edges of a single sheet such as would 
be the case in forming a continuous tube 
from a flat stock. Still other web arrange- 
ments are illustrated in Figures 4 to 9. 

40 In Figures 6, 7 and 8, 33 is a plastic coat- 
ing, 34 is paper 35 is a base material. 

In Figures 8, 31 is an extruded flat film 
seal and in Figure 9, 32 is an end seal. 
Sections of virtually any thickness may be 

45 joined by the method of this invention. In 
actual commercial practice, however, thick- 
ness limits are imposed by other considera- 
tions. Unsupported film must be thick 
enough to have the strength needed for 

50 handling and use. For polyethylene, this 
lower limit is about one mil. Above a cer- 
tain thickness (about 20 mils of polyethylene) 
the stock can no longer be handled con- 
veniently in roll form or by other continuous 

55 methods; but still thicker sections can be 
sealed by non-continuous versions of this 
method, e.g. die cut sections may be sealed 
onto the open ends of a tube to form a con- 
tainer bottom or lid. In suppcwrted structures 

oO such as polyethylCTe coated paper, coated 
ceflophane, coated metal foil and the like, 
mmimum coating thickness is about 1 /4 mil. 
Most such coatings are less than about 5 xnils 
thick and rarely Kcceed 10 nodls. Such coated 

65 or other composite structures can also be 



sealed advantageously by the new method. 

The hot bead 20 may be in the form of one 
or more thin, narrow films or ribbons, or 
thin rods or filaments, or may have any oibsx 
suitable profile and dimensions. The tern- 70 
perature of an extruded bead should be great 
enough to provide facile extrusion charac- 
teristics but not high enough to suff^ an ex- 
cessive degree of thermal injury. For an ex- 
truded polyethylene b^, temperatures 75 
ranging from about 200 to about 300*^0 
measured at the extrusion die are generally 
preferred. The distance between Hie ex- 
truder and the pinch rolls is prderably as 
short as practical to minimize bead cooling. 80 
Even across this short span, however, bead 
drawdovim takes place; and this drawdown 
can be used to help control seal thickness 
and width. Relatively lower bead tempera- 
tures are preferred when the webs being 85 
joined are thin films; and conversely, 
relatively higher bead temperatures are 
sonietimes advantageous for sealing thicker 
sections. With respect to the composition 
of the extrusion material, satisfactory results 90 
are usually obtained when it is of the same 
generic chemical type as the thermoplastic 
sections being seamed; and an extrusion 
compotmd substantially sunilar in composi- 
tion to the thermoplastic sections can 95 
generally be extruded conveniently over a 
sufficientiy wide range of temperatures and 
rates to meet most requirements. In some 
instances, however, it is advantageously 
modified, ije, of lower or higher molecular 100 
weight, may contain for example extrusion 
aids, stabilizers, or antioxidants, to permit 
extrusion at a somewhat lower or higher tem- 
perature than might otherwise be practical, 
improve its extrusion characteristics, increase 105 
its stability in the extruder, or otherwise im- 
prove its behaviour. 

The pinch assembly 16 may be located 
lateral to the extruder 18 as shown in Figure 
1, or more or less directly below it, depend- 110 
ing on space and auxiliary equipment re- 
quirements. Where such auxiliary equip- 
ment requirements or other considerations 
make it more convenient to increase the 
distance between the extruder and the pinch 115 
rolls, auxiliary heating means can be used to 
maintain bead temperature over this span. 
Pinch rolls of both metal and rubber-like 
composition are satisfactory. The pressure 
is sufficient to provide intimate, firm and con- 120 
tinuous contact between the hot bead and 
both plies. While it is not generally neces- 
sary to provide for roll cooling or heating, it 
is sometimes advantageous to cool the pinch 
roHs, particularly when thin thermoplastic 125 
films are being sealed. 

While pressure is generally most con- 
venientiy applied by means of a pair of 
driven pincn or nip rolls such as those re- 
ferred to above, many alternative means may 130 
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be used, as for example, matched moving 
bdts. bdt and roll combinations, rotating 
roU and fixed plate combinations or pressure 
shoes. 

5 Seal width and seal thickness may be 
varied over a wide range by varying the ex- 
trusion die orifice, the extrusion rate and the 
web speed. Seams as narrow as 0.02'' were 
found to be fully satisfactory and to resist 

10 separation under stresses great enough to tear 
the film itself. It might be point^ out in 
this respect that reliable seams this narrow 
cannot be prepared consistently by the old 
sealing metiiods even by exercising scrupu- 

15 lous control of sealing conditions. Seams 
up to about 1/16'' in width (by old methods) 
are frequently of marginal quality because 
of .the severity of the seal-edge-weakening 
inflicted by the heating "bar edges. This un- 

20 favourable ** cutting " effect is not^present in 
the new process because the pressure supply- 
ing surfaces are much broader than the seal 
itself and therefore do not inflict any mech- 
anical damage. 

25 Following is a description by way of ex- 
ample of melhods of carrying the invention 
into effect 

The equipment employed was > that in- 
dicated in Figure 1. 

30 EXAMPLE I 

The extruder (3/4" diameter screw) was 
equipped with a 1/6" diameter filament die. 
The pinch rolls were a pair of driven, rubber- 
coated rollers (2.5" diam. X 15" long) and 

35 the free filament distance, <.e. the distance 
from the extrusion die to the nip, was about 
6". The films used were commercial ex- 
truded films prepared from Bakelite Com- 
pany's T)YNH polyethylene (nominal mole- 

40 cular weight approximately 23,000; sp. gr. = 
0.92; melt index = 2). The other details and 
some measured seam widths are listed below. 
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Thickness 
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Extrusion 
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P-1 = (a polyethylene having a nominal 
moL wL = ca. 16,000; sp. gr. = 
60 0.91; melt index = ca. 10); 

P-2==DYNH; 



bead temp." = jtemp. of compound at 
extrusion die; 
web speed of 420 to 425 ft./min. was 



maximmn rate possible with par- 65 
ticular equipment used. 

Sections selected at random from the fore- 
going products were cut normal to the seal- 
ing direction and photomicrographs were 
taken. £ach of the seals so viewed appeared 70 
as a homogeneous continuum in which the 
original film plies and bead were completely 
fused together. 

An effort was made to pull &e seals apart 
by means of a tensile tester and by hand. Re- 75 
gardless of the direction of pull relative to 
tilie line o/ seal or of how rapidly or how 
slowly the pulling force was appHed, seal 
separation was not effected in any instance, 
even by stresses which caused film failure. 80* 
EXAMPLE U 

The apparatus used in the previous exr 
ample was modified as follows. The extruder 
was equipped with a multi-filament die 
having five 1/16'' diameter circular orifices 85 
located on 3/16"^ centres along a strajght 
line substantially parallel to the nip of the 
pinch rolls. One of the pinch roUs was re- 
placed by a metal roller. 

The extrusion material was an approxi- 90 
mately 3:1 mixture of polyethylene com- 
pound P-1 (DXM-16) dted in the previous 
examtple and a polyethylene having a mole- 
cular weight of about 24,000, specific gravity 
of 0.92, and melt index of 0.3 (Bakelite Com- 95 
pany's DYNE[). The extrusion rate was 
about 3 Ibs./hr.; and the temp^ture of the 
extruded beads at the die lip was 290''C the 
following feed stocks were joined as in- 
dicated below: 100 

(A) unbleadied, 5D lb. krafit paper and 5 
mil thick . commeardal polyethylene film 
(same grade dted. in previous example), at a 
web speed of 150 ft./min.; 

(B) two plies of the 5 mil polyethylene film 105 
used in (A), at a web speed of 150 ft/min.; 

(Q two plies of the kraft paper used in 
(A); 

(D) two plies of 60 lb. resin treated double 
creped paper which Jias been coated on one 110 
side widi a 6 mil layer of polyethylene were 
joined coated feice to coated face at 225 
ft./min.; and 

(E) two plies of the polyethylene coated, 
double creped paper of ^) were joined 115 
coated &ce to uncoated {Le. paper) frice at 
165 ft/min. 

The seamed products so prepared were 
tested'fdr seal strength (a) under shear and 
(b) under tension by pulling the two plies in 120 
opposite directions, said d&ections being Ci) 
substantially normally to the seaming dhrec- 
tion (shear) and (ii) substantially paralld to 
tiie seaming direction, Le. attempting to 
*• ped '* the plies apart (in tension). No seam 125 
&Ilure of any sort was detected in any in- 
stance. The products of experiments A, 
and in some instances D and E, failed und^ 
tension because of pap^ failure, Le. the 
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paper fibres pulled part; but in no case, re- 
gardless of the direction or magnitude of the 
imposed stress, did paper or thermoplastic 
separate away from me seaming bead. 
5 The invention is advantageous in the use 
of a hot polyethylene bead to join unsup- 
ported polyethylene sections of any thick- 
ness, since the new process is advtantageous 
not only for the relatively thicker sections, 
say about 2 mils and over, for which con- 
ductive heat sealing techniques are marging^ 
to economically unacceptable because of the 
prohibitively long sealing times required but 
also for the relatively thinner sections less 

15 than about 2 mils because of the much 
greater sealing speeds freedom from seal dis- 
continuities and the elimination polyethy- 
lene-to-sealing equipment sticking. 
, The new process is equally suitable for 

20 joining sections of any extrudable thenno- 

glasdc where both plies and the extruded 
ead are of the same generic chemical family. 
The new method can also be used to join 
plies of unlike thermoplastic materials pro- 
25 vided said materials and the bead material 
are sufficiently compatible to fuse together. 

Supported thermoplastic webs such as in 
the form of a coating on paper, cellophane, 
metal foil, doth and other substrates, are 
30 also within the purview of this invention. 
A . hot, extruded polyethylene bead can also 
be used to join to plies of paper, and this 
technique pprovides a fast method of bag 
seaming, 

35 Polyethylene is a superior paper bag ad- 
hesive especially when the inner ply of the 
bags is coated with polyethylene. The low 
temperature properties of such polyethylene 
coatmg greatly improve the bags for shipping 

40 of vanous materials to cold climates 
WHAT WE CLAIM IS : — 
1. A method of sealing together unheated 
members of film or sheet, which method 
compnses directing a hot bead of thermo- 

45 plastic material into contact with the un- 
h^ted members to be joined, then causing 
said membCTS to be pressed firmly and in- 
tanately against the hot bead to cause said 
members to adhere together. 

50 2. A mefliod of sealing together strips of 
inatenal, which comprises passing said strips 
along converging paths into the nip of pinch 
rolls, mterposing a hot bead of thermoplastic 
resm composition directly between the strips 

55 ahead of the nip of the pinch roDs, passing 
said stnps with the bead therebetween 
throi^ the nip to bring the strips into firm 
and mtunate contact with the hot bead to 
cause the strips to adhere togeth^-. 



3. A method as daimed in claim 1 or 60 
claim 2, in which said hot bead is an ex- 
truded bead of a polyethylene composition. 

4. A method as claimed in any one of the 
preceding claims, in which the material of 
one of said members has a thermoplastic sur- 65 
face. 

5. A method as claimed in any one of the 
preceding claims in which the material of one 
of said members is paper. 

6. A method as claimed in claim 1 or any 70 
one of claims 3 to 5 wherein the hot bead of 
thermoplastic material is interposed directly 
between the members to be joined. 

7. A method as claimed in any one of 
claims 1 to 3 or 6 wherein the films or sheets 75 
have surfaceii of thermoplastic material and 
wherein the surfaces are fused together to 
form a continuous seal. 

8. A method as claimed in any one of the 
preceding claims wherein the material is 80 
joined together along a longitudinal seam 
intermediate their edges. 

9. A method of sealing together strip, film 
or sheet material substantially as described 

in either of the specific examples herein- 85 
before set forth. 

10. Apparatus for sealing together strips 
of material, which comprises pinch rolls, 
means for passing said strips along converg- 
ing paths into the nip of said pinch rolls, and 90 
means for supplying a hot extruded bead of 
thermoplastic material directly between the 
strips ahead of the nip of the pinch rolls, to 
bring the strips into firm and intimate con- 
tact with the hot bead to seal the strips to- 95 
gether. ^ 

11. Apparatus for sealing together strip, 
film or sheet material substantially as herein- 
before described with reference to Figures 1 
and 2 of the accompanying drawings. IQO 

12. Flms, sheets or strips when sealed to- 
gether by the method claimed in any one of 
dauns 1 to 9 or by the apparatus claimed in 
claim 10 or claim 11. 

13. Fihns, sheets or strips when sealed to- 105 
gether as indicated in any one of Figures 3 to 

9 of the accompanying drawing. 

BOULT, WADE & TENNANT. 
HI & 112, Hatton Garden. 

London, E.C.L 
Chartered Patent Agents. 

Reference has been directed, in pursuance 
of Section 8 of the Patents Act. 1949, to 
specifications Nos. 794088 and 793444. 
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2 SHEETS 77,^5 drawing is a reproduction of 
the Originai on a reduced scale. 
SHEETS I & 2 
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